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APPLICATION NOTE 2026

Ultrasonic Sensor Modules
ROS2 (Robot Operating System)

Many robotics applications frequently use open-
source middleware such as ROS2 for sensor 
integration and motion control. This application 
note explains how to integrate the USSM (Ultrasonic 
Sensor Module) with ROS2: configuring the driver, 
triggering and capturing measurements, and 

adjusting the sensor registers as needed. Beyond  
the sensor’s basic range/distance measurements, 
this application note also includes advanced features, 
such as cliff detection/ground monitoring, and 
surface classification. 

https://www.tdk-electronics.tdk.com/en/ultrasonic_sensor_module
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ROS2 Integration
1. Integrating the USSM and configuring ROS2

1.1 Prerequisites 1.2 Integration steps

	– ROS2 (humble) installed and specified as source
	– 	USB/serial drivers and permissions configured
	– 	tdk_ussm and tdk_ussm_interfaces packages built 
and specified as sources so that they are available

	– 	USSM sensor board (9 channels) with connected 
sensors 

1.2.1 Prepare hardware and OS
a. �Connect the USSM 9 channel sensor board to  

a ROS2 system via USB cable. 

b. �Ensure that USB permissions (udev rules or group 
membership) allow the ROS process to access the 
device.

 
1.2.2 Run the following command from  
the terminal to initiate the tdk_ussm_node  
and connect it with the sensor board: 

ros2 run tdk_ussm tdk_ussm_node 

The following image shows the successful connection 
with the sensor board and node startup.

1.2.3 Verify the USSM nodes, publishers, and 
services. The driver should have created topics  
for each sensor’s range and envelope data,  
plus a service to receive measurement requests. 
Confirm this with the following commands:
a. �ros2 node list – The node /tdk_ussm_node should 

appear in the terminal log when the node starts.

b. �topic list – The distance topic (/ussmX) and the 
envelope topic (/ussm_envelopeX) for each sensor 
should appear as shown in the image below. X 
represents the sensor index from 0 to 8.
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ROS2 Integration
1. Integrating the USSM and configuring ROS2

1.2 Integration steps

c. �ros2 service list: The service /tdk_ussm_req_dist_
streamout should appear in the terminal log as 
seen below:

The message structure is as follows:
	– cmd_request 
Measurement request command to send to the USSM 
(the payload passed with the trigger service call)

	– success 
Boolean status flag returned by the service 
indicating whether the request was successfully 
executed 

The /ussmX topic publishes the standard ROS2 range topic:

The /ussm_envelopeX topic publishes a custom message. Its type and field structure are shown in the images below.

The amplitudes field contains the echo amplitudes, with each amplitude corresponding to the time values 
in the time_axis field. The calibration_read_reg and meas_read_reg fields contain sensor register values in 
hexadecimal format.
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ROS2 Integration
2. Triggering measurements and recording data streams

The current tdk_ussm package supports two 
measurement types: distance (range) and envelope. 

Measurement start/stop requests are sent to the 
driver via ROS2 service calls.

2.1 Distance measurements 

To begin continuous distance streaming, call the 
node’s trigger service with a cmd_request string,  

e.g., ros2 service call /tdk_ussm/req_dist_streamout tdk/
ussm_interface/srv/DistanceStreamoutService  “{cmd_
request: ‘sto[0x03] -1 100 0 ;’}”

In this example, the distance streaming command sto 
uses a sensor mask of 0x03, which selects sensor0 and 
sensor1. The command will start publishing distance 
data for these sensors. Adjust the sensor mask 
(sto[<sensor_mask>]) as required for sensor selection.

The sensor data streaming from sensors can be 
verified from the terminal, as seen in the following 
image:

To stop distance streaming, send end; via service call, 
for example:
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ROS2 Integration

2.2 Envelope data – echoes over a fixed time frame

2. Triggering measurements and recording data streams

3. Accessing and modifying sensor register parameters

The same trigger service used for distance 
measurements also supports envelope measurement 
requests. Send an appropriate cmd_request string, 
e.g., env[0x03] -1 100 0 to request envelope data; the 
service returns the same success flag in its response.

The service call for envelope data for sensor0  
and the corresponding data can be seen in the 
following images.

Depending on the application profile and sensor 
placement, the settings of low-level registers (gain, 
drive voltage, pulse count, etc.) may need to be 
adjusted to change the sensor sensitivity.  
The tdk_ussm_node supports register read/write  

via the same trigger service used for measurement 
commands. The example service call to change the 
register parameter (G_ANA in this case) is shown in 
the following image.

The register parameters of sensor0 before and 
after the gain change can be seen in the following 
envelope message. Here, the register values are 
typically specified as hexadecimal numbers.
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ROS2 Integration
4. Advanced features: cliff detection, ground monitoring, surface classification

In addition to standard distance-based obstacle 
detection, the TDK USSM sensor offers advanced 
features – including cliff detection and surface 
classification – by applying signal‑processing 

algorithms to the sensor data. To run and test these 
features, install the tdk_ussm_apps package, which 
contains example nodes, algorithms, and launch files 
for these use cases.

4.1 Cliff detection/ground monitoring 4.2 Hardware setup

Sensor placed ~19 cm  
above ground

The USSM can be used to detect small, yet significant 
variations in ground conditions. This section explains 
how to use this sensor to detect drops in ground 
level, i.e., cliff detection. Although the definition 
of a cliff can vary significantly depending on the 
application, the sensor usually works best with large-
surface cliffs.

The hardware setup used for performance evaluation 
is rather simple and serves only to test the threshold 
for cliff detection. It consists of a robot with profile 
mountings around the chassis attached to it. The 
sensor is positioned on the front profile with a 
3D-printed holder, as shown in the image below.
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ROS2 Integration
4. Advanced features: cliff detection, ground monitoring, surface classification

4.3 Software

To demonstrate the capabilities of the proposed 
hardware setup in terms of cliff detection, a  
state-changing and decision-making algorithm was 
implemented (see section Algorithm on page 9).  
To run and test the cliff detection, run the tdk_ussm_
cliff_detection_range node. The node publishes a 
decision on the topic /ussm_cliffX.

	– Example: Ros2 run tdk_ussm_applications tdk_ussm_
cliff_detection_range  --ros-args -p warning_distance_
cm:=23 -p cliff_distance_cm:=27 -p sensor_offset:=6

	– Verify the cliff detection result by running ros2 topic 
echo /ussm_cliffX.

Outdoor testing results:

Sensor detecting ground level

Sensor detecting drop in the ground level (close to edge) – warning

Sensor detecting further drop in the ground level (edge) – cliff
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ROS2 Integration
4. Advanced features: cliff detection, ground monitoring, surface classification

4.4 Algorithm implementation

4.5 Surface classification

The algorithm processes each range measurement 
using a simple finite state machine with three states, 
which detects surface as GROUND, WARNING, or 
CLIFF based on two distance thresholds, WARNING_
THRESHOLD and CLIFF_THRESHOLD.

State machine behavior
For each new measurement m:
	– If m ≤ D, the FSM changes to (or stays in) GROUND.
	– Else if D < m ≤ E, the FSM changes to (or stays in) 
WARNING.

	– Else (m > E), the FSM changes to (or stays in) CLIFF.

Instructions for setting threshold parameters:
a. �Measure baseline: Record a few stable range 

readings on normal ground surface.  
Use the mean or median as the baseline. 

b. �Define the cliff distance: Measure the typical range 
reading when the sensor is pointed over the drop. 

c. �Choose thresholds:
	– WARNING_THRESHOLD: set above the ground 
baseline to detect early signs of descent (e.g., 
baseline and margin).

	– CLIFF_THRESHOLD: set between WARNING and the 
measured cliff value to indicate a drop.

	– Add robustness: use hysteresis (different enter/
exit thresholds) and require N consecutive samples 
(debounce) before committing a state change to 
avoid flicker from noise.

In addition to range readings, the USSM 
provides envelope data – a time series of echo 
amplitudes over a fixed time window. By applying 
signal‑processing and machine‑learning techniques 
to these echo profiles, the sensor can distinguish 
between different surface types (e.g., grass, gravel, 

concrete, standing water). Robotic platforms 
such as lawn mowers and AGVs can use this 
surface classification, alongside with distance 
measurements, to adapt movement and navigation 
behavior, improve decision making, and enhance 
operational safety.
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ROS2 Integration
4. Advanced features: cliff detection, ground monitoring, surface classification

4.6 Hardware and software setup

4.6.1 Surface classification uses the same USSM 
hardware setup; no additional sensors are required. 
All that is required is to enable envelope data via the 
/ussm_envelopeX topic, to ensure a suitable sampling 
rate and time delays, and to run the classification 
algorithms (e.g., from tdk_ussm_applications) on the 
host or onboard computer.
	– Example: ros2 run tdk_ussm_applications tdk_ussm_
surface_classification

	– Upon launch, the classification node loads the 
pre-trained machine learning (ML) model, feeding 
the envelope data to the model for prediction. The 
classification results are published via a dedicated 
topic.

	– Verify the surface classification result by running 
ros2 topic echo /ussm_surface_classificationX

4.6.2 Surface classification workflow  
Training:
	– Capture sensor data using different surfaces like 
grass and asphalt. Data capture plays a crucial role 
in training the model.

	– Pre-process data to reduce the noise in the 
measurement data.

	– 	Extract features from raw data and train machine 
learning models.

	– 	Deploy the model for real-time use cases.

For demonstration purposes, two surfaces, asphalt 
and grass, are selected for data collection, as shown 
in the following images.
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ROS2 Integration
4. Advanced features: cliff detection, ground monitoring, surface classification

4.6 Hardware and software setup

Outdoor testing:

The pre-trained machine learning inference is used 
for field testing. In initial field trials, the ML model 
delivers good accuracy in predicting surfaces. The 
results are as shown in the following images.

 	  
  
 

NOTE:
To demonstrate the cliff detection and surface 
classification default sensor parameters are used 
with given setup as shown previously. Based on the 

application profile and sensor positioning, the sensor 
parameters need to be adjusted (as described in 
section 4) to achieve optimal performance from the 
sensor.



Edition 03/2026 – AN 0326 

Important information
Some parts of this publication contain statements about the suitability of our products for certain areas of application. These statements are based on our 
knowledge of typical requirements that are often placed on our products. We expressly point out that these statements cannot be regarded as binding 
statements about the suitability of our products for a particular customer application. It is incumbent on the customer to check and decide whether a product 
is suitable for use in a particular application. This publication is only a brief product survey which may be changed from time to time. Our products are 
described in detail in our data sheets. The Important notes (www.tdk-electronics.tdk.com/ImportantNotes) and the product-specific Cautions and warnings must 
be observed. All relevant information is available through our sales offices. 

© TDK Electronics AG  
All rights reserved.
www.tdk-electronics.tdk.com


